Objective: Endovascular volume during vascular surgery training has increased profoundly over recent decades, providing heavy exposure to ionizing radiation. The study purpose was to examine the radiation safety training and practices of current vascular surgery trainees. Methods: An anonymous survey was distributed to all current U.S. trainees. Responses were compared according to the presence of formal radiation safety training and also the trainees' perception of their attendings' adherence to As Low As Reasonably Achievable (ALARA) strategies. Results: The response rate was 14%. Forty-five percent had no formal radiation safety training, 74% were unaware of the radiation safety policy for pregnant females, 48% did not know their radiation safety officer's contact information, and 43% were unaware of the yearly acceptable levels of radiation exposure. Trained residents knew more basic radiation safety information, and more likely wore their dosimeter badges (P < .05). Trained residents found their radiation safety officer helpful in developing safety habits; untrained residents relied on other residents (P < .05). Trainees who felt their attendings consistently practiced ALARA strategies more likely practiced ALARA themselves (P < .05). Conclusions: The lack of formal radiation safety training in respondents may reflect an inadequate state of radiation safety education and practices among U.S. vascular surgery residents. (J Vasc Surg 2014;59:860-4.) 
Techniques in endovascular therapy have increased in both volume and complexity in recent years. Inpatient procedural volume over the previous decade suggests that the vascular surgeon's case load will increase by 34% by the year 2020, with the largest growth being in the endovascular suite. 1 This trend is also observed at the trainee level, where endovascular procedures have increased by over 400% during the previous decade. 2 Performance of this rapidly enlarging volume of percutaneous procedures requires not only mastery of endovascular skills, but also knowledge of the proper utilization of fluoroscopy and its coincident risks.
The biologic effects of radiation exposure are placed upon the patient, as well as the operator and their assistants within the endovascular suite. Health risk is proportional to exposure and can result in local skin effects, cataracts, and malignancy. 3 Today's vascular trainee will accrue the risks of exposure to ionizing radiation throughout their entire career, suggesting that radiation safety education during fellowship training is essential. While radiation safety training for interventional cardiology fellows has recently been investigated, this has not been assessed among vascular surgery trainees. 4 The importance of radiation safety has come to the forefront in the vascular surgery community as evidenced by a 46-page supplement focused on the issue that was recently published by the Society for Vascular Surgery. 5 The purpose of this study was to examine the current state of radiation safety training and practices among vascular surgery trainees.
METHODS
The study was approved by the Institutional Review Board at Greenville Hospital System/University Medical Center. A 10-item survey was adapted from a similar survey developed by Kim et al for cardiology fellows (see Appendix, online only). 4 Surveys were made available to 311 integrated and independent U.S. vascular surgery trainees in March 2012 via the online web site Survey Monkey (www.surveymonkey.com). They were distributed via email through the program coordinators at each respective program. A follow-up request was sent to the program coordinators after 2 weeks, and the data were collected for a total of 6 weeks. Trainees were told that their responses and identities would be anonymous, and that there would be no incentive for their participation or penalty for their nonparticipation.
Survey responses of those trainees who received formal radiation safety training during their fellowship were compared with those who did not. The responses of trainees who felt their attendings consistently practiced As Low As Reasonably Achievable (ALARA) strategies were compared with the responses of those trainees who did not feel their attendings consistently practiced ALARA. Ordinal data were evaluated using the Wilcoxon rank sum test. Nominal data were evaluated using the Fisher exact test. A P value # .05 was considered statistically significant. All analyses were conducted using SAS statistical analysis software (SAS Institute, Cary, NC).
RESULTS
The response rate for completed surveys was 14% (42/ 311); no responses were excluded. Of these respondents, 22 were first-year independent residents (52%), 17 were second-year independent residents (41%), and three were integrated residents (7%). Of the 42 respondents, 45% had not received formal radiation safety training, 74% were unaware of their hospital's radiation policy for women during pregnancy, 47% did not know the contact information for their hospitals' radiation safety officer, and 43% did not know the acceptable yearly level of radiation exposure as recommended by the National Council on Radiation Protection and Measurements (NCRP). Residents who had received formal radiation safety training were more likely to know their hospitals' radiation policy for women during pregnancy, the contact information for their hospitals' radiation safety officer, and the acceptable levels of radiation exposure as recommended by the NCRP (P < .05). They were also more likely to feel that they consistently practiced ALARA strategies during their endovascular cases (P < .05; Table I) .
Responses regarding trainees' use of protective equipment are shown in Table II . A significant finding was that trained residents utilized their dosimeter badge for monitoring more frequently than those who did not receive training (P < .05). An evaluation of resources found to be most helpful for learning good radiation safety practices among residents is found in Table III .
Table IV reveals the relationship of attendings practice of ALARA strategies with their residents' practice of ALARA. ALARA attendings were defined as those whom their residents felt "Always" or "Almost always" practice ALARA strategies. Residents with ALARA attendings were significantly more likely to practice ALARA strategies themselves compared with residents with non-ALARA attendings (P < .05). Table V demonstrates that attendings practice of ALARA strategies was not associated with a significant difference in residents' usage of protective equipment.
DISCUSSION
Wilhelm Roentgen employed radiation to perform the first radiograph over a century ago, but its harmful effects were not described until decades later. 6 Today, we know that ionizing radiation causes damage to living tissues in both an acute and chronic variety. Deterministic effects are typically due to large procedural doses leading to cellular death and manifestations such as skin erythema, hair loss, and cataracts. Stochastic effects are accumulated over a longer span of time and are related to the development of malignancy. We know little about how much radiation exposure increases malignancy risk, with most of the literature coming from longitudinal data of atomic bomb survivors in Japan. 3 Radiation use in medicine is regulated at both the national and state level. The Food and Drug Administration, via the Center for Devices and Radiological Health, oversees all radiation-emitting devices used in medicine. Those providing care and use of the equipment are also at risk and are regulated by individual states, with variability in rules and licensing requirements. 7 Most centers in the U.S. follow guidelines from the NCRP and set acceptable exposure to ionizing radiation at a level of 5000 mrem/ year. On the other hand, much of the international community follows the standards set by the International Commission on Radiological Protection, which suggests exposure no greater than 2000 mrem/year, averaged over 5 years. 8 Recent literature suggests that radiation safety is becoming an important issue among vascular surgeons. This is evidenced by a Journal of Vascular Surgery supplement published in 2011 that focused on radiation safety and strategies for minimizing both patient and operator exposure. 5 Several surgeon groups have prospectively recorded their cumulative radiation doses while performing various endovascular procedures to determine compliance with exposure guidelines. Conclusions were that the endovascular demands of a busy practice would not lead to surpassing the recommended levels of exposure, but also that equivalent doses should be monitored and exposure minimized by using good technique. Only one of these studies included a trainee, and for only half the study length. 9, 10 Female vascular surgeons, whose training and careers often overlap during child-bearing years, have a particular interest in exposure to ionizing radiation. The Society for Vascular Surgery Women's Leadership Committee was instrumental in preparation of the above mentioned 2011 Journal of Vascular Surgery supplement on radiation safety. 5 A section focusing on radiation exposure during pregnancy highlights the fetus being at most risk from weeks 8 to 15, and reviews techniques to minimize that risk. 11 Another survey study from some of vascular surgery's leaders in radiation protection was specifically aimed at determining the current state of radiation safety practices for pregnant females, and how training programs are facilitating this unique circumstance. They found that there is strong interest from program directors in establishing radiation safety guidelines for the pregnant vascular surgeon and trainee, and that support at the Society leadership level should be considered. ALARA, As Low As Reasonably Acceptable.
JOURNAL OF VASCULAR SURGERY
Growing interest in radiation safety is encouraging, and so is the fact that there are already many strategies in place to minimize patient, operator, and assistant exposure. Haqqani et al investigated the levels of radiation exposure to the operator, assistant, and anesthesiologist positions during abdominal and pelvic fluoroscopy imaging on cadavers. Specific techniques during angiography were also examined, and it was determined that minimizing the detector-to-patient distance, increasing image magnification, utilizing linear image collimation, and using the anterior-posterior (AP) view had the greatest effect on decreasing radiation exposure, and most significantly for the operator position. Also, with the C-arm in the left anterior oblique (LAO) position, all personnel positions were exposed to the highest levels of radiation, suggesting use of this position only sparingly. 13 It is well known that the three most productive strategies for lowering radiation exposure to operators are time, distance, and shielding. These correspond to the wellknown ALARA strategies. Activating fluoroscopy only when necessary will have a linear effect on decreasing radiation exposure. Operators and assistants should always be aware that, during active fluoroscopy, doubling the distance from the patient will reduce their exposure by a factor of four. Lastly, shielding with leaded garments, thyroid collars, and goggles will reduce radiation exposure just as they would reduce risk of exposure to splattering bodily fluids.
14 From an Association of Program Directors in Vascular Surgery survey addressing training issues for both integrated and independent vascular surgery programs, radiation safety was one of the few areas where the two training paradigms differed in their perceived level of competence. In this study, the integrated residents felt significantly more comfortable with their radiation safety practices compared with independent residents. 15 No explanation is offered, and our data do not support or refute this claim, as our response from integrated residents was low.
While the current state of radiation safety has not been investigated in vascular surgery trainees, residents in interventional cardiology were recently surveyed to investigate for any shortcomings in their radiation safety knowledge or practices. Kim et al discovered that 82% of the respondents had received radiation safety training, and that the trained group had significantly more knowledge of basic radiation safety information. The trained group was also significantly more likely to wear their dosimeters consistently and to be aware of their radiation exposure for the previous academic year. 4 These advantages from formal training are similar to what we found from our respondents, though we also found significant benefits from attendings' consistent use of ALARA strategies on residents' ALARA habits.
Our data give unique insight into radiation safety training for vascular surgery residents. In the current climate of vascular surgery training in which the endovascular case load continues to increase, it is remarkable that nearly half of responding residents were not provided with formal radiation safety training. Our comparisons reveal that those who received training were more informed regarding basic radiation safety knowledge, such as the acceptable yearly levels of radiation exposure. Wearing a dosimeter badge during endovascular cases should be a standard, but respondents clearly proved that it currently is not. Also, residents who received safety training were more likely to feel that they adhered to ALARA strategies. Consistent dosimeter badge use and practice of ALARA strategies are both essential practices in the endovascular suite, and our data show they are significantly influenced by formal radiation safety training during vascular surgery fellowship. While education in radiation safety appears to be important during the training of today's vascular surgery resident, so too is the modeling of appropriate safety practices by faculty involved in resident training. In this study, responding trainees practiced ALARA strategies in accordance with the practices of their attending physicians. Trainees that perceived their attending physicians as regularly practicing ALARA strategies also perceived themselves as more consistently practicing ALARA strategies. This would lend credence to not only making improvements in vascular surgery trainees' radiation safety education and practices, but those of their attendings as well.
Our study brings important attention to the topic of radiation safety for vascular surgery trainees, but it does have several limitations. The response rate of 14% is low, and therefore may not adequately represent the population it was meant to study. An idea to increase the response rate significantly would be to attach it to an activity required by vascular trainees, such as the Vascular Surgery In-Training Examination (VSITE). This would result in a large response rate and thorough survey of all current trainees. Another important limitation is in the manner in which we questioned whether or not trainees had received formal radiation safety training (Appendix, Question 2, online only). We did not define formal radiation safety training in the survey, and therefore this question could have been answered invalidly if for instance a trainee had received a radiation training lecture but did not feel that constituted formal radiation safety training. Others may have felt tips given from attendings or other trainees during endovascular cases was formal training. As there is not a standardized definition for formal radiation safety training, the question leaves some interpretation to the respondent, and therefore the results could be inaccurate. The responses from this question were an important part of our data collection, and the possibility of inaccurate responses weakens our results and conclusions. A better way to determine if vascular residents' radiation safety training is adequate could be to embed basic radiation safety questions into the VSITE and gather data from these answers. Though our response rate was low and the responses carry the possibility of inaccurate reporting and inherent bias, we feel this study sheds some light on an important aspect of vascular surgery training. We conclude that the current state of radiation safety training in U.S. vascular surgery fellowships may be inadequate, contributing to trainees' lack of basic safety knowledge and utilization of protective equipment. 
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